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Abstract: Tick-borne diseases (TBD) are endemic in Europe. However, surveillance is currently
incomplete. Alternative strategies need to be considered. The aim of this study was to test an
Emergency Department Syndromic Surveillance (EDSyS) system as a complementary data source
to describe the impact of tick bites and TBD using a small-area analysis approach and to monitor
the risk of TBD to target prevention. ED databases in the Local Health Authority 8 District (Veneto,
Italy) were queried for tick-bite and TBD-related visits between January 2017 and December 2022.
Hospitalisations were also collected. Events involving the resident population were used to calculate
incidence rates. A total of 4187 ED visits for tick-bite and 143 for TBD were recorded; in addition,
62 TBD-related hospitalisations (of which 72.6% in over 50 s and 22.6% in over 65 s). ED visits peaked
in spring and in autumn, followed by a 4-week lag in the increase in hospital admissions. The small-
area analysis identified two areas at higher risk of bites and TBD. The use of a EDSyS system allowed
two natural foci to be identified. This approach proved useful in predicting temporal and geographic
risk of TBD and in identifying local endemic areas, thus enabling an effective multidisciplinary
prevention strategy.

Keywords: syndromic surveillance; tick-borne diseases; Lyme disease; tick-borne encephalitis;
incidence; epidemic intelligence; small-area analysis; emergency department; Italy; tick-bites

1. Introduction

Tick-borne diseases (TBD) are endemic in Europe. Among them, Lyme borreliosis (LB)
and tick-borne encephalitis (TBE) have the highest incidence and impact on the population.
Although LB is the most common TBD in Europe, the incidence of TBE has increased
in recent years [1–6]. LB is caused by spirochetes of the Borrelia burgdorferi sensu lato
complex (Spirocheatales, Spireochaetaceae), whereas the causative agent of TBE is the tick-
borne encephalitis virus (Flavivirus, Flaviviridae). Both diseases are zoonoses, maintained
in more or less geographically delimited areas in nature, called “natural foci”. Humans
are accidental, mostly dead-end hosts, who become infected when they enter the natural
foci [7,8]. Detailed knowledge of the spatial and temporal distribution of infection risk is
necessary to take effective measures to limit the exposure of human populations to vector-
borne pathogens. However, surveillance of LB and TBE in Europe is currently incomplete,
which means that the available incidence data most likely only partially reflect the true risk
and thus underestimate the phenomenon [1,3,9–11].

The incidence of LB in Europe is uncertain [1]. According to Burn and colleagues,
four countries have an incidence of LB higher than 100 per 100,000 person-years, while
most of countries report less than 20 cases per 100,000 person-years; however, as the
authors themselves note, comparisons of incidence between countries must be made with
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caution because of heterogeneity in study design and methods, including non-negligible
variability in the definition of LB cases [4]. In addition, several countries reported high
incidence of LB at the subnational level, suggesting that national estimates may not be
an effective tool for monitoring the true impact of LB. As reported in a recent review,
the seroprevalence of LB in Europe varies between 0–70% [5]; this wide gap may reflect
a real difference in distribution, but it should be kept in mind that differences in the
epidemiologic methods used may significantly affect the possibility of comparison [4,5,12].
For instance, some surveillance systems include only laboratory-confirmed cases, while
others consider also probable or suspected LB cases. The accuracy of epidemiologic data is
affected by inconsistent case definitions, inconsistent diagnostic procedures, and the lack of
a shared quality management system [1]. The limitations of both surveillance systems and
epidemiologic studies are likely to contribute to an underestimation of the incidence of LB in
Europe [4]. Furthermore, as highlighted in a recent review, there is still great heterogeneity
in national surveillance systems and LB control policies across European countries [13].
Without a common indicator, it is difficult to obtain a clear epidemiologic picture.

Alongside these issues, it must be considered that the burden of LB in Europe is
expected to increase as the tick population is expanding, possibly as a results of the impact
of climate change on tick life cycles, migratory animals, and human activities [14–16]. This
expansion is evident for TBE [17]. The cumulative number of reported TBE cases in 2020 was
double that in 2015, with an increasing trend also in regions previously thought to be free of
the responsible virus, following a north-westward spread in continental Europe [2]. Indeed,
an increase in reported TBE cases was observed in almost all European countries, with
Germany, Italy, Norway, Slovenia and Switzerland reporting a more than threefold increase
between 2015 and 2020 [2,3,9]. It is almost certain that documented cases of TBE in Europe
represent a relatively small proportion of the true burden of infection: in fact, (i) the EU case
definition includes only clinically relevant cases with a laboratory-confirmed diagnosis—on
the contrary, most TBE infections are asymptomatic, and mild forms of the disease may go
undiagnosed; (ii) some countries have incomplete epidemiologic information; (iii) some
countries use a slightly different case definition; (iv) countries have implemented different
surveillance systems and testing practices [2]. In Italy, the notification system is based
only on cases with clinical signs of central nervous system inflammation (e.g., meningitis,
meningoencephalitis, encephalomyelitis, encephaloradiculitis) [18]. Surveillance for TBD
usually focuses on well-defined areas considered to be at risk, with the aim of implementing
effective risk management plans, as TBDs tend to be geographically restricted. However,
monitoring activities should not be restricted to endemic areas, as limited surveillance does
not allow early identification of new endemic areas, thus increasing the risk of infection in
the population. In addition, restricting attention to high-risk areas may limit awareness
and reduce sensitivity in the identification and diagnosis of TBD in areas considered
non-endemic [1,3]. Underreporting and resource limitations have had a significant and
negative impact on the accuracy of TBE incidence surveillance. In view of this, alternative
surveillance strategies for TBE need to be considered [19–24].

Because many people may seek and receive care for tick bites that expose them to the
risk of TBD, some countries have begun to consider data on tick bites as well as disease [13].
The information on tick bites can be useful both to highlight areas where the phenomenon
is more common and to monitor over time the ability of health systems to reduce the
incidence of bites and thus the risk of contracting TBD.

Public health agencies in the United States have implemented emergency department
syndromic surveillance (EDSyS) systems to collect data for early detection of LB. The system
monitors tick-bite-related consultations and not just those associated with LB, and serves
as a source of tick-bite risk information to inform prevention messaging and health worker
education. In Europe, the Netherlands and Switzerland monitor the number of medical
consultations for tick bites and erythema migrans; in Belgium, France, Liechtenstein, the
Netherlands, and Switzerland, a national government agency is involved in a public
participation website or app [13].
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Italy is considered a low-incidence country for both LB and TBE, with an endemic
circulation recorded only in some areas in the North-East. As in other European countries,
Italian data largely underestimate the true burden of LB and TBE, especially in endemic
areas [10,11,25,26]. This limits the ability to monitor the extent of the problem, both in terms
of the number of people affected and the geographical extent. In Italy, however, adminis-
trative health data are usually available and can be a rich source of information, also from
a public health point of view. Hospital discharge records have been the most commonly
used data source for TBD identification. However, data on emergency department (ED)
consultations can be an additional source of information on tick bites and TBD cases. This
make it possible to align TBE prevention strategies with those for LB, since most of the
actions are identical, especially those aimed at preventing bites or removing ticks, e.g., At
present, a joint preventive approach to the two diseases is rare, but where it has been used,
encouraging results have been achieved in controlling both diseases [27].

The aim of this study was to test an EDSyS system as a complementary data source
(1) to describe the impact of tick bites and tick-borne diseases (TBE and LB) at a high level
of geographical resolution using a small-area analysis approach and (2) to monitor the risk
of tick-borne diseases, in order to target educational messages for their prevention.

2. Materials and Methods

The study was conducted in the district of the Local Health Authority (LHA) 8
(Azienda ULSS Berica) Veneto region, Northeastern Italy, which provides health care for
approximately 500,000 people and covers 59 municipalities. All four acute hospitals were
included and data on emergency department visits and hospital admissions were collected.

A syndromic surveillance approach was adopted. Syndromic surveillance is a form of
surveillance that generates information to drive public health action by collecting, analysing
and interpreting routine health-related data on symptoms and clinical signs reported by
patients and clinicians, rather than relying on microbiologically or clinically confirmed
cases [28]. The intent of syndromic surveillance as an early warning system for bioterrorism
has expanded to an all-hazards surveillance approach that provides real-time information
for situational awareness, characterisation of health events and response efforts [29]. The
method used in the current study was inspired by the work of Daly and colleagues [19],
with some adaptations for the Italian context and the type of data available.

ED databases were queried for tick-bite and TBD-related visits between January 2017
and December 2022. Data at the ED record level included the following key variables:
age, sex, residence, date of ED visit, International Classification of Diseases 9th Revision
(ICD-9-CM) diagnosis code, and free text annotations by the attending physician. The
free text was also searched for words related to tick bites, erythema migrans, LD and
TBE, including their common misspellings. The ICD-9 codes used were: “063”, “088.81”.
ED consultations were categorised as tick-bite-related visits (ED-bite) or as TBD-related
visits (ED-TBD). ED-bite were those without a TBD-related ICD-9 diagnosis code or a TBD
suspicion in the medical free text annotations. ED-TBD were those with a confirmed or
suspected TBD either as an ICD-9 code or in the free text. After a computerised extraction,
two researchers independently reviewed the ED records to assess whether the inclusion
criteria were met.

In addition, we considered hospital discharge records from the same hospitals during
the same time period (January 2017–December 2022). Inpatient-level data included the
following key variables: medical record number, age, sex, city and state of residence,
date of admission and discharge, ICD-9 diagnosis code. TBD-related hospitalisations (hos-
TBD) were those with the following ICD-9 codes: “063”, “088.81”. Data were analysed to
calculate frequencies for key demographic and reporting characteristics using Microsoft
Excel (Redmond, WA, USA). Overall incidence rates were calculated using population data
from the Italian National Institute of Statistics (ISTAT) on 1 January 2023. The smallest
territorial unit considered in this study was the municipality. For each municipality, the
mean elevation was obtained from the ISTAT database. The calculations are based on the
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spatial bases and the Digital Elevation Model (DEM) of the main spatial units of interest
for official statistics. The size of the single spatial unit used to calculate the mean elevation
was 20 m × 20 m [30].

3. Results

Between January 2017 and December 2022, EDs in the LHA 8 Berica area registered
921,282 accesses overall. Among these, a total of 4430 ED-bite and ED-TBD events were
identified (Table 1).

Table 1. Number of bite- and TBE-related ED visits; number of LB and TBE-related hospitalisations.
Local Health Authority 8 (Azienda ULSS Berica), Vicenza, Veneto Region, Italy, 2017–2022.

Emergency Department Visits Hospitalisations

Bite-Related * TBD-Related ** Total ED Visits LB-Related TBE-Related Total Hosp.
n % n % n % n % n % n %

Total 4187 100% 143 100% 4330 100% 31 100% 31 100% 62 100%

Month January 20 0.5% 1 0.7% 21 0.5% 1 3.2% 0 0.0% 1 1.6%
February 60 1.4% 4 2.8% 64 1.5% 2 6.5% 0 0.0% 2 3.2%
March 202 4.8% 1 0.7% 203 4.7% 1 3.2% 1 3.2% 2 3.2%
April 605 14.4% 12 8.4% 617 14.2% 2 6.5% 1 3.2% 3 4.8%
May 1061 25.3% 28 19.6% 1089 25.2% 5 16.1% 1 3.2% 6 9.7%
June 1029 24.6% 30 21.0% 1059 24.5% 3 9.7% 2 6.5% 5 8.1%
July 487 11.6% 21 14.7% 508 11.7% 6 19.4% 6 19.4% 12 19.4%
August 259 6.2% 15 10.5% 274 6.3% 5 16.1% 4 12.9% 9 14.5%
September 140 3.3% 10 7.0% 150 3.5% 0 0.0% 6 19.4% 6 9.7%
October 231 5.5% 12 8.4% 243 5.6% 1 3.2% 3 9.7% 4 6.5%
November 72 1.7% 7 4.9% 79 1.8% 3 9.7% 7 22.6% 10 16.1%
December 21 0.5% 2 1.4% 23 0.5% 2 6.5% 0 0.0% 2 3.2%

Year 2017 668 16.0% 22 15.4% 690 15.9% 5 16.1% 2 6.5% 7 11.3%
2018 953 22.8% 20 14.0% 973 22.5% 5 16.1% 0 0.0% 5 8.1%
2019 740 17.7% 26 18.2% 766 17.7% 8 25.8% 7 22.6% 15 24.2%
2020 615 14.7% 20 14.0% 635 14.7% 7 22.6% 3 9.7% 10 16.1%
2021 515 12.3% 26 18.2% 541 12.5% 4 12.9% 8 25.8% 12 19.4%
2022 696 16.6% 29 20.3% 725 16.7% 2 6.5% 11 35.5% 13 21.0%

Sex Male 2490 59.5% 89 62.2% 2579 59.6% 17 54.8% 21 67.7% 38 61.3%
Female 1696 40.5% 54 37.8% 1750 40.4% 14 45.2% 10 32.3% 24 38.7%

Age <5 495 11.8% 10 7.0% 505 11.7% 0 0.0% 1 3.2% 1 1.6%
5–10 517 12.4% 14 9.8% 531 12.3% 3 9.7% 0 0.0% 3 4.8%
10–15 243 5.8% 6 4.2% 249 5.8% 2 6.5% 1 3.2% 3 4.8%
15–20 176 4.2% 8 5.6% 184 4.3% 2 6.5% 0 0.0% 2 3.2%
20–25 163 3.9% 6 4.2% 169 3.9% 0 0.0% 0 0.0% 0 0.0%
25–30 199 4.8% 6 4.2% 205 4.7% 0 0.0% 0 0.0% 0 0.0%
30–35 184 4.4% 8 5.6% 192 4.4% 1 3.2% 0 0.0% 1 1.6%
35–40 188 4.5% 6 4.2% 194 4.5% 1 3.2% 1 3.2% 2 3.2%
40–45 172 4.1% 10 7.0% 182 4.2% 1 3.2% 1 3.2% 2 3.2%
45–50 221 5.3% 9 6.3% 230 5.3% 1 3.2% 2 6.5% 3 4.8%
50–55 265 6.3% 7 4.9% 272 6.3% 6 19.4% 2 6.5% 8 12.9%
55–60 293 7.0% 15 10.5% 308 7.1% 3 9.7% 8 25.8% 11 17.7%
60–65 289 6.9% 12 8.4% 301 7.0% 7 22.6% 5 16.1% 12 19.4%
65–70 272 6.5% 13 9.1% 285 6.6% 2 6.5% 3 9.7% 5 8.1%
70–75 243 5.8% 6 4.2% 249 5.8% 0 0.0% 3 9.7% 3 4.8%
75+ 266 6% 7 4.9% 273 6.3% 2 6.5% 4 12.9% 6 9.7%

LB: Lyme borreliosis; TBE: tick-borne encephalitis; * ED-bite events; ** ED-TBD events.

The highest number of ED-bite events was recorded in 2018, although the highest
number of ED-TBD and hos-TBD was in 2019. In 2020 there was a reduction in all events
that started rising from 2021 on. Demographic characteristics of population involved was
similar in terms of gender for all the events investigated ED-bite, ED-TBD and hos-TBD,
with a higher proportion of males (59.5%, 62.2% and 61.3%, respectively). With regard to
the age of involved population, the highest number of ED-bite was recorded in 0–5 and
5–10 aged, with a considerable number of ED-TBD, as well (Figure 1).
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Figure 1. Number of bite-related ED visits (ED-bite events; primary y-axis on the left), TBD-related
ED visits (ED-TBD events, secondary y-axis on the right), and overall number of TBE-related hospi-
talisations (hos-TBD events, secondary y-axis on the right) per age group of study population. Local
Health Authority 8 (Azienda ULSS Berica), Veneto Region, Italy, 2017–2022.

The risk of ED-bite is present all the year (there are no months free of ED-bite events).
However, two peaks were registered: the highest in size was in May, followed by a second
in October. The highest peak of ED-TBD occurred in June and the temporal trend is similar
to ED-bite with roughly a 4-weeks delay. Speaking of hospitalisations, the peak was in July,
followed by a second (and lower) one in November (Figure 2).
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In order to assess the risk of tick-bite and to calculate the incidence, only ED-related
events in people living in the area were considered, so the number of ED visits considered
was 4055. Figure 3 shows the incidence of bites per municipality of residence (Figure 3a) and
the mean elevation of the municipalities (Figure 3b). The map highlights two subareas at
higher risk (municipalities with ED-bites incidence >7.0/1000/6-year): one in the north-west
and the other in the south-west, clearly separated by municipalities where the incidence
of ED-bites is lower than 7.0. Geographically, the two areas identified are made up of
an aggregate of municipalities with the highest mean elevation among those in the LHA
8 Berica district area. In the north-western area, the mean elevation ranges from 80 to 950 m
above sea level (on average 375 m), in the south-western area from 35 to 270 m above sea
level (on average 100 m). The remaining municipalities have a mean elevation of less than
130 m above sea level (on average 50 m).
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To assess whether the incidence of ED-bite events was associated with a higher risk
of contracting TBD, the annual hospitalisation rate (per 100,000) for TBD (LB and TBE,
separately) was determined in each of the sub-areas of interest and for the rest of the district.
Of the 62 hos-TBD events, 52 occurred in LHA 8 Berica residents. Both sub-areas showed a
higher incidence of LB than the rest of the district, although only the north-west subarea
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had a significantly higher incidence of TBE hospitalisations than the LHA 8 Berica district
as a whole. Interestingly, there were no TBE hospitalisations in the south-west subarea
(Table 2).

Table 2. Hospitalisation rates for LB and TBE in the district and subareas of interest. Local Health
Authority 8 (Azienda ULSS Berica), Vicenza, Veneto Region, Italy, 2017–2022.

Area LB-Related Hospitalisation
Rate (per 100,000/Year)

TBE-Related Hospitalisation
Rate (per 100,000/Year)

North-west subarea 2.08 1.84
South-west subarea 1.60 0.00
Rest of LHA district 0.34 0.46

Entire LHA district 0.99 0.78
LB: Lyme borreliosis; TBE: tick-borne encephalitis; LHA: local health authority.

4. Discussion

The data presented in this report show that, in our context, patients frequently attend
the ED for the treatment of tick bites and symptoms associated with diseases suspected to
be tick-borne. To our knowledge, this is the first study conducted in Italy using EDSyS to
monitor tick-borne diseases. Over the 6-year period under investigation (2017–2022), there
were 4330 visits to the ED for a tick or TBD-related health concern; this volume represents
0.48% of all ED visits. Not surprisingly, more ED visits were related to tick bites than to
suspected TBD, a finding observed in other studies [19,31]. Our data are consistent with
data described by Daly and colleagues, who reported a number of ED visits related to a tick
or LB, which represented 0.5% of all ED visits [19]. These data highlight the burden that
tick-related ED visits place on our healthcare system, beyond those who develop tick-borne
disease, as the majority of ED visits in this study were related to tick bites.

The gender distribution of patients seeking care at ED was similar to hospitalisations,
showing a slight predominance of males, as in previous studies [2,19,32].

In terms of age, ED-visits showed higher rates in the very young (aged ≤ 10) compared
to hos-TBD (24.0% vs. 6.4%). These differences may reflect age-related differences in ED
use for health services, with young children having the highest rates of ED use [19,33].

Newitt and colleagues described the highest incidence of bite-related consultations in
the 45–64 age group and in the 0–15 age group, with some differences in the use of primary
care and hospital care [33]. The incidence of ED visits and calls to remote advice services
was highest in children. Our results show a greater number of hos-TBD events in adults,
72.6% in the over 50s, including 14.5% in the over 65s. At the same time, only 39.0% of ED
visits were in the over 50s, of which 18.6% were over 65, suggesting a greater perception of
risk in the over 65s. Both the ED visits and the hospitalisations indicate a need for targeted
TBD prevention messages to parents of young children and adults aged 50–65.

The seasonal distribution of tick-borne ED visits peaked earlier than hospitalisations in
spring and autumn, consistently with previous literature [19]. The spring peak was higher
than the autumn peak. Daly and colleagues reported that both LB cases and LB-related ED
encounters showed a single peak in summer [19]. In contrast, our data showed a second,
albeit smaller, peak in November for both LB and TBE. However, there was a difference in
the seasonal distribution of hospitalisations between the two diseases. LB hospitalisations
were recorded in all months of the year, whereas 30 out of 31 TBE hospitalisations (98.7%)
were recorded between June and November. In addition, TBE hospitalisations, although
low in number, were concentrated in spring and autumn. Periodic analyses should be
planned to look more closely at seasonal patterns of ED visits to determine the optimal
timing of messages on the importance of resorting to personal protective behaviours
and vaccination.

The small-area analysis approach showed a clear geographical distribution of the
incidence rate of ED-bite events per 1000 inhabitants in the municipalities (over a 6-year
period), thus making possible to identify two subareas at higher risk for tick bites: a
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north-west subarea with an incidence rate of ED-bite per 1000 populations ranging between
8.3 and 46.0 and a south-west area with an incidence 7.2–34.9. The incidence rate of
tick bites decreases concentrically from the municipality with the highest incidence in
each subarea. In both subareas, this is the municipality with the highest mean elevation.
The ED-bite 6-year incidence in the remaining municipalities is less than 7.0 per 1000.
These two emerging subareas showed higher rates of hos-TBD. Overall, the incidence of
hospitalisations is higher where the incidence of tick bites is higher. Surprisingly, both have
the highest incidence of LB-hos, whereas TBE-hos were reported only the north-west subarea.
There are probably barriers between the two areas that have prevented TBEV-positive ticks
from moving from north to south. The border area between the two areas is a flat area
crossed by major roads and railways. Further studies are needed to investigate the reasons
for this observation.

Italy is considered a low risk country for both LB and TBE. According to Sykes and
Makiello, the incidence of LB in Italy during 2001–2015 was 0.01 new cases per million
resident population/year, but the disease is probably underdiagnosed and underreported.
Currently, northern regions have a higher incidence of LB than central and southern Italy,
where LB appears to be hypoendemic. However, the epidemiology and spatial distribution
of LB cases are poorly understood and the regional trend of disease incidence has not been
described [26]. The mean annual incidence in the Veneto region between 2015 and 2019 was
1.92/100,000 inhabitants [34]. TBE in Italy has an estimated notification rate of 0.38 cases
per 100,000/year in the period 2000–2013 [10]. Endemicity for TBE is historically limited to
the north-eastern regions. Veneto region in the period 2017–2020 showed a crude incidence
ratio of 0.26 per 100,000 [25].

However, it is reasonable to assume that these data largely underestimate the true
epidemiology, for several reasons. First, bulletins issued by the Italian National Institute
of Health (ISS) only report on TBE cases characterised by meningitis and/or encephalitis,
which represent only 20–30% of all TBE infections; secondly, mandatory reporting systems
fail to detect a large percentage of patients (up to 45%) if hospital discharge data are not
properly integrated.

In the Veneto Region, there is one local endemic area for TBE: the province of Belluno
(LHA 1), which has an incidence rate of 5.89 per 100,000 (calculated for the period 2007–
2017). This rate is higher than the WHO threshold of 5 cases per 100,000 for endemic areas.
This is a mountainous area in the north-east, bordering Austria. An active vaccination
policy for the general population is currently ongoing in this area [35].

Although our LHA district is a non-endemic territory for TBD (0.99/100,000 for LB and
0.78/100,000 for TBE) it nevertheless shows the presence of two ‘natural foci’ of disease: a
first subarea in the north-west with an incidence of LB of 2.84/100,000/year (higher than the
LHA district of affiliation, Veneto and Italy) and of TBE of 1.84/100,000/year (higher than
the LHA district of affiliation, Veneto and Italy); and a second subarea in the south-west
with an incidence of LB of 1.60/100,000/year (higher than the LHA district of affiliation
and Italy) but with no admissions for TBE in the 6 years investigated. These areas have the
highest numbers of patients visiting the ED for tick bites or bite-related consequences, as
already demonstrated in previous studies [19,32].

The two subareas fit into a south-west trajectory with respect to the endemic area for
TBE, which in Veneto is represented by the province of Belluno (LHA 1), the same direction
described in continental Europe. Targeted tick control programmes could help to level out
risk hotspots and raise public awareness [1,2].

A number of facts make it important to monitor these diseases in all territories, espe-
cially in the North East of Italy: the underestimation of the incidence of both diseases in
Italy, the increase in the incidence involving this country, the emergence of new endemic
areas, the shift in the south-west direction of traditional endemic areas. As several authors
have pointed out, the current surveillance system is inadequate both in terms of its ability
to identify all cases and in the rapidity of detecting new outbreaks. The adoption of a
EDSyS system for the identification of bites and suspected cases is important to identify
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foci in non-endemic areas. This may make it possible to intervene early in order to monitor
and contain exposure to risk by monitoring ED-bite events, prevent an increase in cases
through actions targeted in time and space to the population most exposed and to doctors
working in the area so that they are sensitised to the formulation of diagnostic suspicion
and the notification of cases.

For the purposes of proper prevention, in fact, it is not possible to disregard a good
awareness and knowledge among the general population to improve adherence to personal
protection interventions, starting in March and then resuming in late summer to prevent
the autumn peak; a full awareness of clinical physicians to ensure a more certain and timely
diagnosis; a better knowledge of the subject on the part of public health workers in general
in order to improve the timing and location of possible interventions, including vaccination.

In addition, combining hospitalisation data with bite data is useful to inform about
the risk of acquiring the disease and also to highlight its severity, particularly as it has been
shown that the perceived severity of a tick bite and TBD significantly predict the level of
adoption protection [36].

A few strengths and limitations of our study have to be mentioned. First, there is
no a shared protocol for the management of cases presenting with tick bites or for the
diagnosis of LB or TBE in our EDs, as there is no a shared protocol for coding cases in
the ED information system. Therefore, there may be variability in coding and suspicions.
However, TBE suspects are more difficult to identify by textual search because symptoms
are often non-specific. The information that proved to be most relevant in defining risk
areas were ED-bite events, which accounted for 95 per cent of cases. In addition, in cases
where TBD was diagnosed or expected to be diagnosed, the ED-bite event was recorded
(almost all suspected cases of the disease had a previous bite reported). Second, with
regard to the hospital discharge records, we did not have access to clinical records for more
detailed information, then coding errors could not be excluded. Third, not all people go
to the ED after a tick bite, since many remove the tick themselves or seek assistance by
the general practitioner or paediatrician [19,33]. This is a limitation but also an additional
reason to use this system, to educate people and clinicians about the possible risk of TBD
associated with tick bites and then to take appropriate post-exposure surveillance actions.
Lastly, the number of ED visits for tick bites as well as the number of hospital admissions
for TBD may be affected by particular epidemic events as occurred during the COVID-19
pandemic. In Italy, indeed, during the pandemic, patients had limited accesses to ED and
hospital [37]. This could explain the reduction in both ED visits and admissions in the years
2020 and 2021.

ED-bite events can be considered as a robust proxy for TBD [31]. The use of EDSyS
may be the key to provide timely information that is not currently available through other
means. The added value lies in the potential to predict TBD exposure in terms of time
and place, and to guide timely and consistent public health interventions, such as timely
dissemination of messages on the importance of personal protective behaviours [32]. The
granularity of information that such a system can provide could help health authorities to
set up specific alerts in particular geographical areas at the exact time when tick activity is
increasing. Currently, preventing tick bites is the best option for risk reduction. In areas of
high exposure, direct tick control may be an effective measure [38].

Our study makes it reasonable to adopt such a system also in non-endemic areas for
continuous monitoring. However, diagnostic codes specific to tick bites were not available
in any of the diagnostic code classification systems, including the ninth and tenth revi-sions
of the International Classification of Diseases [32]. In the light of this, it may be use-ful to
establish a protocol for coding cases in the ED information system by defining, for example,
a unique way to record the ED-bite event.
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5. Conclusions

In conclusion, the adoption of an EDSyS system to monitor TBDs was found to be
effective, and a small-area analysis approach was essential in identifying foci at increased
risk of exposure to tick bites and to compare it with the risk in the general population. This
method makes it possible to monitor the risk of LB and TBE jointly, obviating the problem
of under-reporting and the delay with which notification data are available. It is a method
that uses existing data, which provides continuous information and which any LHA in
Italy, particularly if it has hilly or mountainous terrain, could adopt to identify areas at risk
for TBE. Such a method could be adopted, not only in Italy, but in all realities where ED
data are accessible to public health authorities.
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8. Chiffi, G.; Grandgirard, D.; Leib, S.L.; Chrdle, A.; Růžek, D. Tick-borne encephalitis: A comprehensive review of the epidemiology,
virology, and clinical picture. Rev. Med. Virol. 2023, 33, e2470. [CrossRef]

9. Erber, W.; Schmitt, H.J.; Vukovic, J.T.; Dobler, G.; Broker, M. The TBE Book; Global Health Press: Singapore, 2019.
10. Cocchio, S.; Bertoncello, C.; Napoletano, G.; Claus, M.; Furlan, P.; Fonzo, M.; Gagliani, A.; Saia, M.; Russo, F.; Baldovin, T.;

et al. Do We Know the True Burden of Tick-Borne Encephalitis? A Cross-Sectional Study. Neuroepidemiology 2020, 54, 227–234.
[CrossRef]

11. Rossi, B.; Barreca, F.; Benvenuto, D.; Braccialarghe, N.; Campogiani, L.; Lodi, A.; Aguglia, C.; Cavasio, R.A.; Giacalone, M.L.;
Kontogiannis, D.; et al. Human Arboviral Infections in Italy: Past, Current, and Future Challenges. Viruses 2023, 15, 368.
[CrossRef]

12. Olsen, J.; Angulo, F.J.; Pilz, A.; Halsby, K.; Kelly, P.; Turunen, J.; Åhman, H.; Stark, J.; Jodar, L. Estimated Number of Symptomatic
Lyme Borreliosis Cases in Adults in Finland in 2021 Using Seroprevalence Data to Adjust the Number of Surveillance-Reported
Cases: A General Framework for Accounting for Underascertainment by Public Health Surveillance. Vector-Borne Zoonotic Dis.
2023, 23, 265–272. [CrossRef]

https://doi.org/10.1007/s00436-022-07445-3
https://doi.org/10.2807/1560-7917.ES.2023.28.11.2200543
https://doi.org/10.3390/microorganisms10071283
https://doi.org/10.1089/vbz.2022.0070
https://doi.org/10.1089/vbz.2022.0069
https://doi.org/10.1093/pubmed/fdw017
https://doi.org/10.3390/ijerph16071173
https://doi.org/10.1002/rmv.2470
https://doi.org/10.1159/000503236
https://doi.org/10.3390/v15020368
https://doi.org/10.1089/vbz.2022.0051


Int. J. Environ. Res. Public Health 2023, 20, 6822 11 of 12

13. Blanchard, L.; Jones-Diette, J.; Lorenc, T.; Sutcliffe, K.; Sowden, A.; Thomas, J. Comparison of national surveillance systems for
Lyme disease in humans in Europe and North America: A policy review. BMC Public Health 2022, 22, 1307. [CrossRef]

14. Hussain, S.; Hussain, A.; Aziz, U.; Song, B.; Zeb, J.; George, D.; Li, J.; Sparagano, O. The Role of Ticks in the Emergence of Borrelia
burgdorferi as a Zoonotic Pathogen and Its Vector Control: A Global Systemic Review. Microorganisms 2021, 9, 2412. [CrossRef]

15. Saydam, F.N.; Erdem, H.; Ankarali, H.; Ramadan, M.E.E.-A.; El-Sayed, N.M.; Civljak, R.; Pshenichnaya, N.; Moroti, R.V.;
Mahmuodabad, F.M.; Maduka, A.V.; et al. Vector-borne and zoonotic infections and their relationships with regional and
socioeconomic statuses: An ID-IRI survey in 24 countries of Europe, Africa and Asia. Travel Med. Infect. Dis. 2021, 44, 102174.
[CrossRef]

16. Estrada-Peña, A.; Cutler, S.; Potkonjak, A.; Vassier-Tussaut, M.; Van Bortel, W.; Zeller, H.; Fernández-Ruiz, N.; Mihalca, A.D. An
updated meta-analysis of the distribution and prevalence of Borrelia burgdorferi s.l. in ticks in Europe. Int. J. Health Geogr. 2018,
17, 41. [CrossRef]

17. Jenkins, V.A.; Silbernagl, G.; Baer, L.R.; Hoet, B. The epidemiology of infectious diseases in Europe in 2020 versus 2017–2019 and
the rise of tick-borne encephalitis (1995–2020). Ticks Tick-Borne Dis. 2022, 13, 101972. [CrossRef]

18. Della Salute, M. Piano Nazionale di Prevenzione, Sorveglianza e Risposta Alle Arbovirosi (PNA) 2020–2025. (Italian Ministry
of Health. National Plan for Prevention, Surveillance and Response to Arboviruses 2020–2025). Available online: https:
//www.salute.gov.it/portale/documentazione/p6_2_2_1.jsp?id=2947&lingua=italiano (accessed on 21 July 2023).

19. Daly, E.R.; Fredette, C.; Mathewson, A.A.; Dufault, K.; Swenson, D.J.; Chan, B.P. Tick bite and Lyme disease-related emergency
department encounters in New Hampshire, 2010–2014. Zoonoses Public Health 2017, 64, 655–661. [CrossRef]

20. Quarsten, H.; Henningsson, A.; Krogfelt, K.A.; Strube, C.; Wennerås, C.; Mavin, S. Tick-borne diseases under the radar in the
North Sea Region. Ticks Tick-Borne Dis. 2023, 14, 102185. [CrossRef]

21. Nagarajan, A.; Skufca, J.; Vyse, A.; Pilz, A.; Begier, E.; Riera-Montes, M.; Gessner, B.D.; Stark, J.H. The Landscape of Lyme
Borreliosis Surveillance in Europe. Vector-Borne Zoonotic Dis. 2023, 23, 142–155. [CrossRef]

22. Wint, G.W.; Balenghien, T.; Berriatua, E.; Braks, M.; Marsboom, C.; Medlock, J.; Schaffner, F.; Van Bortel, W.; Alexander, N.; Alten,
B.; et al. VectorNet: Collaborative mapping of arthropod disease vectors in Europe and surrounding areas since 2010. Euro.
Surveill. 2023, 28, 2200666. [CrossRef]

23. Martin, L.J.; Hjertqvist, M.; Straten, E.V.; Bjelkmar, P. Investigating novel approaches to tick-borne encephalitis surveillance in
Sweden, 2010-2017. Ticks Tick-Borne Dis. 2020, 11, 101486. [CrossRef]

24. Vu Hai, V.; Almeras, L.; Socolovschi, C.; Raoult, D.; Parola, P.; Pagès, F. Monitoring human tick-borne disease risk and tick bite
exposure in Europe. Available tools and promising future methods. Ticks Tick-Borne Dis. 2014, 5, 607–619. [CrossRef]

25. Riccò, M. Epidemiology of Tick-borne encephalitis in North-Eastern Italy (2017–2020): International insights from national
notification reports. Acta Biomed. Atenei. Parm. 2021, 92, e2021229. [CrossRef]

26. Zanzani, S.A.; Rimoldi, S.G.; Manfredi, M.; Grande, R.; Gazzonis, A.L.; Merli, S.; Olivieri, E.; Giacomet, V.; Antinori, S.; Cislaghi,
G.; et al. Lyme borreliosis incidence in Lombardy, Italy (2000–2015): Spatiotemporal analysis and environmental risk factors. Ticks
Tick-Borne Dis. 2019, 10, 101257. [CrossRef]

27. European Centre for Disease Prevention and Control. Synergies in Community and Institutional Public Health Emergency Preparedness
for Tick-Borne Diseases in the Netherlands: A Case Study on Tick-Borne Encephalitis and Lyme Borreliosis; European Centre for Disease
Prevention and Control: Stockholm, Sweden, 2018. [CrossRef]

28. Smith, G.E.; Elliot, A.J.; Lake, I.; Edeghere, O.; Morbey, R.; Catchpole, M.; Heymann, D.L.; Hawker, J.; Ibbotson, S.; McCloskey, B.;
et al. Syndromic surveillance: Two decades experience of sustainable systems—Its people not just data! Epidemiol. Infect. 2019,
147, e101. [CrossRef]

29. Yoon, P.W.; Ising, A.I.; Gunn, J.E. Using Syndromic Surveillance for All-Hazards Public Health Surveillance, Successes, Challenges,
and the Future. Public Health Rep. 2017, 132, 3S–6S. [CrossRef]

30. ISTAT. Principali Statistiche Geografiche Sui Comuni 2023. Available online: https://www.istat.it/it/archivio/156224 (accessed
on 21 July 2023).

31. Hook, S.A.; Nawrocki, C.C.; Meek, J.I.; Feldman, K.A.; White, J.L.; Connally, N.P.; Hinckley, A.F. Human-tick encounters as a
measure of tickborne disease risk in lyme disease endemic areas. Zoonoses Public Health 2021, 68, 384–392. [CrossRef]

32. Marx, G.E.; Spillane, M.; Beck, A.; Stein, Z.; Powell, A.K.; Hinckley, A.F. Emergency Department Visits for Tick Bites—United
States, January 2017–December 2019. MMWR. Morb. Mortal. Wkly. Rep. 2021, 70, 612–616. [CrossRef]

33. Newitt, S.; Elliot, A.J.; Morbey, R.; Durnall, H.; Pietzsch, M.E.; Medlock, J.M.; Leach, S.; Smith, G.E. The use of syndromic
surveillance to monitor the incidence of arthropod bites requiring healthcare in England, 2000–2013: A retrospective ecological
study. Epidemiol. Infect. 2016, 144, 2251–2259. [CrossRef]

34. Beltrame, A.; Rodari, P.; Mauroner, L.; Zanella, F.; Moro, L.; Bertoli, G.; Da Re, F.; Russo, F.; Napoletano, G.; Silva, R. Emergence
of Lyme borreliosis in the province of Verona, Northern Italy: Five-years of sentinel surveillance. Ticks Tick-Borne Dis. 2021,
12, 101628. [CrossRef]

35. del Veneto, R. Bur n. 53 of 24 May 2019. Deliberation of the Regional Council no. 612 of 14 May 2019. Approval of the
Technical Document “Vaccination against Tick Borne Encephalitis (TBE) in the Veneto Region” and Amendment of the “Regional
Vaccination Tariff”, Connected to the “Single Regional Tariff for Services Rendered by the Prevention Departments of the
Veneto Local Health Units”, in the Part Relating to the Offer of Tick-Borne Encephalitis (TBE) Vaccination. Available online:
https://bur.regione.veneto.it/BurvServices/pubblica/DettaglioDgr.aspx?id=394640 (accessed on 21 July 2023).

https://doi.org/10.1186/s12889-022-13669-w
https://doi.org/10.3390/microorganisms9122412
https://doi.org/10.1016/j.tmaid.2021.102174
https://doi.org/10.1186/s12942-018-0163-7
https://doi.org/10.1016/j.ttbdis.2022.101972
https://www.salute.gov.it/portale/documentazione/p6_2_2_1.jsp?id=2947&lingua=italiano
https://www.salute.gov.it/portale/documentazione/p6_2_2_1.jsp?id=2947&lingua=italiano
https://doi.org/10.1111/zph.12361
https://doi.org/10.1016/j.ttbdis.2023.102185
https://doi.org/10.1089/vbz.2022.0067
https://doi.org/10.2807/1560-7917.ES.2023.28.26.2200666
https://doi.org/10.1016/j.ttbdis.2020.101486
https://doi.org/10.1016/j.ttbdis.2014.07.022
https://doi.org/10.23750/abm.v92i5.11474
https://doi.org/10.1016/j.ttbdis.2019.07.001
https://doi.org/10.2900/80366
https://doi.org/10.1017/S0950268819000074
https://doi.org/10.1177/0033354917708995
https://www.istat.it/it/archivio/156224
https://doi.org/10.1111/zph.12810
https://doi.org/10.15585/mmwr.mm7017a2
https://doi.org/10.1017/S0950268816000686
https://doi.org/10.1016/j.ttbdis.2020.101628
https://bur.regione.veneto.it/BurvServices/pubblica/DettaglioDgr.aspx?id=394640


Int. J. Environ. Res. Public Health 2023, 20, 6822 12 of 12

36. Hansen, M.F.; Sørensen, P.K.; Sørensen, A.E.; Krogfelt, K.A. Can protection motivation theory predict protective behavior against
ticks? BMC Public Health 2023, 23, 1214. [CrossRef] [PubMed]

37. Trevisan, G.; Ruscio, M.; Cinco, M.; Nan, K.; Forgione, P.; Di Meo, N.; Tranchini, P.; Nacca, M.; Trincone, S.; Rimoldi, S.G.; et al. The
history of Lyme disease in Italy and its spread in the Italian territory. Front. Pharmacol. 2023, 14, 1128142. [CrossRef] [PubMed]

38. Köhler, C.F.; Holding, M.L.; Sprong, H.; Jansen, P.A.; Esser, H.J. Biodiversity in the Lyme-light: Ecological restoration and
tick-borne diseases in Europe. Trends Parasitol. 2023, 39, 373–385. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/s12889-023-16125-5
https://www.ncbi.nlm.nih.gov/pubmed/37349761
https://doi.org/10.3389/fphar.2023.1128142
https://www.ncbi.nlm.nih.gov/pubmed/37397497
https://doi.org/10.1016/j.pt.2023.02.005
https://www.ncbi.nlm.nih.gov/pubmed/36890021

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

